This work describes the treatment of soil polluted with the herbicide pendimethalin by 26 the combination of surfactant-aided soil-washing (SASW) and electrochemical advanced 27 oxidation processes. Results show that it is possible to completely extract the herbicide 28 from soil using SDS (sodium dodecyl sulfate) solutions as soil washing fluid (SWF) and 29 ratios SWF/soil higher than 10 dm 
6 of the chemical in batch liquid cultures. Another study was carried out by Fenoll et al. 118 [26], who described the photodegradation of pendimethalin in drinking water at pilot 119 plant scale. They proposed the use of the ZnO catalyst for the removal of the pesticide, 120 reaching a final concentration lower than 0.8 µg dm -3 . More recently, Ahammed Shabeer 121 et al. [27] carried out the removal of pendimethalin by a combined adsorption-122 coagulation-flocculation using aluminum and polyaluminum chloride as coagulants and 123 modified montmorillonites and bentonite as adsorbents. They demonstrated that the 124 combined treatment was much more efficient than single processes. Thus, this combined 125 technology allowed removing higher than 90 % of the herbicide. 126
Nevertheless, its treatment by electrochemical technology has not been reported and, in 127 addition, the literature only includes the degradation of the herbicide in water but not in 128 soils, where the impact can even be higher. Taking into account this background, the main 129 aim of the present work is to evaluate the application of a combined soil washing-130 electrolysis treatment for the removal of pendimethalin from spiked soil. The influence 131 Na2CO3/acetone with a flow rate of 0.8 mL min -1 . The temperature of the oven was 45 ºC 167 and the volume injection was 20 μL. The concentration of persulfate was determined 168 iodometrically according to Kolthoff & Carr [29] and Standard methods [30] . 169
Preparation of spiked soil. 170
To pollute soil, pendimethalin was solubilized in hexane (solubility in water: 0.3 mg dm -171 3 ) and the solution was sprayed to clay soil. The main characteristics of the soil have been 172 reported elsewhere [31] . Then, soil was aerated for 1 day to evaporate the solvent used 173 (hexane). Thus, the pesticide was homogenously distributed in soil with an average 174 concentration of 100 mg kg -1 .
concentrations (5 -50 g dm -3 ). Both phases (washing fluid and soil) were mixed for 12 h 180 at 150 rpm. Then, the same tank was used as settler to separate the phases (24 h). The 181 resulting effluents were aqueous mixtures of pendimethalin/surfactant micelles and 182 soluble species. The concentration of herbicide was within the range 10-30 mg dm -3 . 183
Electrochemical cell. 184
Electrolyses were carried out in a single compartment electrochemical flow cell. Boron 185 doped diamond (BDD) with a geometric area of 78 cm 2 (WaterDiam, Switzerland) was 186 used as anode and stainless steel (SS) as cathode. To allow the irradiation of UV light 187 inside the electrochemical cell, the cathode material consisted of a grid and one of the cell 188 covers was made of quartz. The inter-electrode gap between both electrodes was 9 mm. In order to evaluate the efficiency of the soil washing in the removal of pendimethalin, 203 several SASW tests were carried out to treat spiked soils with 100 mg kg -1 of herbicide, 204 using different surfactant/soil ratios. Figure 1 shows the concentration of pendimethalin 205 and SDS that remains in the soil after the application of the SASW process and Figure 2  206 informs about the quality of the soil washing effluent produced in each of these tests. 207 -1 soil) and the removal efficiency is clearly influenced by this ratio so, the higher 215 the dose, the higher is the resulting removal of herbicide from soil. This very high-dose 216 of SDS required should be explained in terms of the rather low solubility of the pesticide 217 in water, associated to its non-polar character. Likewise, it is related to the high 218 octanol/water partition coefficient of the herbicide, inducing a great adsorption on that 219 soil. 220 The efficiency of the surfactant degradation depends importantly on the technology used. 313
In this context, photoelectrolysis shows higher efficiencies for the removal of SDS 314 followed by sonoelectrolysis and, finally, electrolysis. Specifically, after 8 hours of 315 treatment, a surfactant removal percentage of 57.59, 52.64 and 48.29 % was attained 316 during photoelectrolysis, sonoelectrolysis and electrolysis, respectively. This fact can be 317 related to the role of oxidants during electrochemical processes. In this context, SDS 318 contains a sulfate group in its structure which can be released during the degradation 319 process [33] . These sulfate ions can be oxidized during the treatment, favoring the 320 
